Objective: Both drowning and sudden unexpected death in epilepsy (SUDEP) are diagnoses of exclusion with predominantly nonspecific autopsy findings. We hypothesized that people with epilepsy found dead in water with no clear sign of submersion could be misdiagnosed as SUDEP. Methods: All reported seizure-related deaths undergoing medicolegal investigation in three medical examiner's offices (New York City, Maryland, San Diego County) over different time periods were reviewed to identify epilepsy-related drownings and SUDEPs. Drowning cases that fulfilled inclusion criteria were divided into two groups according to the circumstances of death: definite drowning and possible drowning. The SUDEP group included two sex-and age (±2 years)-matched definite SUDEP/definite SUDEP plus cases for each drowning case. Results: Of 1346 deaths reviewed, we identified 36 definite (76.6%) and 11 possible drowning deaths (23.4%), most of which occurred in a bathtub (72.3%). There were drowning-related findings, including fluid within the sphenoid sinuses, foam in the airways, clear fluid in the stomach content, and lung hyperinflation in 58.3% (21/36) of the definite drowning group, 45.5% (5/11) of the possible drowning group, and 4.3% of the SUDEP group (4/92). There was no difference in the presence of pulmonary edema/congestion between the definite drowning group, possible drowning group, and SUDEP group. The definite drowning group had a higher mean combined lung weight than the SUDEP group, but there was no difference in mean lung weights between the possible drowning and SUDEP groups or between the possible drowning and definite drowning groups. Significance: No distinguishable autopsy finding could be found between SUDEPs and epilepsy-related drownings when there were no drowning-related signs and no clear evidence of submersion. SUDEP could be the cause of death in such possible drowning cases. As most drowning cases occurred in the bathtub, supervision and specific bathing precautions could be effective prevention strategies.
| INTRODUCTION
Drowning is a common cause of death in children and young adults worldwide, 1 with an average of 10 fatal, unintentional drownings in the United States each day. 2 Because of seizure-related impaired consciousness and loss of protective reflexes, people with epilepsy (PWE) are particularly at risk for drowning. The rate of fatal drowning is 15-19 times higher among people with epilepsy compared to the general population. 3 Epilepsy is the third most common cause of deaths occurring in the bathtub, after cardiovascular disease and drug/alcohol-related intoxication. 4 Epilepsy is the only medical condition associated with increased drowning risk among children aged 0-14 years. 5 Drowning accounts for 8% of the deaths in children and young adults with epilepsy in the United States. 6 Although prevention strategies such as showering instead of bathing and swimming only with supervision are well understood, 7 drowning remains a common preventable cause of death in the PWE population. Drowning is defined as submersion/immersion in a liquid that leads to primary respiratory impairment. 8 Determining that drowning is the definite cause of death is challenging due to lack of pathognomonic findings. 9 A face submerged under water, foam in the airway, watery fluid in the sphenoid sinuses and stomach contents, or hyperinflated lungs all support drowning, but are only found in a minority of postmortem examinations of drowning victims. 4 There are limited data addressing the reliability of these drowning-related signs, although one study found that foam in the airway had low sensitivity for drowning, whereas both hyperinflated lungs and watery fluid in the stomach contents had high specificity but low sensitivity. 4 Therefore, these findings are helpful where they exist but are insufficient to indicate a definite diagnosis of drowning. 10 Postmortem computed tomography scan and drowning index (weight of the lungs/weight of the spleen) do not differentiate drowning from other causes of death. 11, 12 The diatom test detects a phytoplankton aspirated from the water and identified in the decedent's lungs or stomach. [13] [14] [15] Although current diatom tests have increased sensitivity and specificity, they still are based on small case series and suffer from potential antemortem contamination as well as false-positive results that limit its diagnostic validity. [16] [17] [18] "Dry drowning," with no significant aspiration of fluid, results from laryngeal spasm after the contact of the liquid with the oropharyngeal airways, but there is no clear definition of "dry lung." Combined lung weight <1000 g is usually accepted as normal, but seizures and agonal processes can cause pulmonary edema and increase lung weight without drowning. 19, 20 When overdistention and signs of liquid penetration (external foam, frothy fluid in airways) are considered with a cutoff value of 750 g instead of 1000 g, normal lungs were found in only 1.4% of the total drowning cases, suggesting that dry drowning is rare. 21 The lack of sensitive and specific signs means that drowning is often a diagnosis of exclusion and, despite full investigation, in many cases, determination of drowning as a cause of death remains an opinion. Sudden unexpected death in epilepsy (SUDEP) is the most common cause of premature mortality in PWE. 22 SUDEP, like many cases of drowning, is characterized by an unremarkable postmortem examination. In many SUDEP and drowning cases, death is unwitnessed and the death scene investigation often cannot clearly establish the sequence (eg, lethal seizure followed by body/face in water vs primary drowning). Sometimes, a decedent with epilepsy is found in an empty bathtub hours after death and death may have been SUDEP, seizure-related, or cardiacrelated drowning in the bathtub that subsequently drained. Furthermore, drowning risk factors in PWE such as learning disability, living in an institution for epilepsy, and prior epilepsy surgery are similar to SUDEP risk factors, as they are all indicators of treatment-resistant epilepsy. 3 We hypothesized that people with epilepsy found dead in water with no clear sign of submersion could be misdiagnosed as SUDEP. Therefore, we aimed to identify features that distinguish drowning deaths and SUDEP in PWE by comparing autopsy findings in (1) Definite drowning was defined as the decedent being witnessed to submerge into water or being found with mouth and nose covered in the water. The death was classified as possible drowning if the deceased was found partially submerged in the water, the face and airway were not immersed in the water, or the position was unknown or unclear. Cases where autopsy was not performed or there was severe decomposition were not included in further analysis.
For each definite drowning case, we identified two sexand age (±2 years)-matched definite SUDEP/definite SUDEP plus cases from the same medical examiner's office for comparison.
| Statistical analysis
Comparisons of organ weights, pathological lung findings, and presence of water in the airway or sinuses between definite drowning, possible drowning, and SUDEP cases were made by using analysis of variance for the continuous variables and chi-square test for categorical variables. Post hoc testing for continuous variables was performed using the Tukey Honestly Significant Difference test. Means are presented with ±standard deviation. We performed twotailed comparisons with a significance level of P < 0.05. Analysis was performed using SPSS Statistics (IBM, Armonk, New York; v23).
The study was deemed exempt by the New York University Institutional Review Board because the decedents were not accepted as human subjects and deidentified case data were used.
| RESULTS
We identified 52 drowning cases ≥18 years of age with seizure or epilepsy listed as cause of or contributor to death. Of these decedents, three did not have an autopsy and two were severely decomposed; these were excluded from further analysis. Thirty-six of the remaining 47 cases (76.6%) met the criteria of definite drowning, and 11 (23.4%) were classified as possible drowning. We identified two age-and sex-matched definite SUDEP/definite SUDEP plus cases for each drowning case with the exception of two drowning cases that had one matched SUDEP case. The three groups, definite drowning group (n = 36), possible drowning group (n = 11), and SUDEP group (n = 92), were used for further analysis.
The mean age was 41.9 ± 12.9 years (range = 20-73 years) in the definite drowning group, 38.2 ± 9 years (range = 21-52 years) in the possible drowning group, and 40.8 ± 11.6 years (range = 20-72 years) in the SUDEP group. There was no significant difference between groups regarding age, sex, and race. Demographic features, the manner of death, and location of drowning are shown in Table 1 and Figure 1 . At total of 69.4% of definite drowning and 81.8% of possible drowning cases occurred in a bathtub/hot tub; 88.9% of definite drowning and 83.7% of SUDEP cases were unwitnessed.
We next examined the lung weights among the three groups ( Figure 2 ). Mean lung weight was 1849 ± 641 g in the definite drowning group, 1711 ± 581 g in the possible drowning group, and 1548 ± 490 g in the SUDEP group. There was a significant difference in lung weights between the groups (F = 4.1, df = 2, P = 0.02); post hoc testing revealed a higher mean lung weight in the definite drowning group compared to the SUDEP group (P = 0.02). There was no difference between the possible drowning and SUDEP groups (P = 0.61), or between the possible drowning and definite drowning groups (P = 0.74). "Normal" lung weights were more common in SUDEP cases; 2.9% (1/35) of the definite drowning group, 9.1% (1/11) of the possible drowning group, and 15.4% (14/91) of the SUDEP group had lungs weighing <1000 g.
Comparison of other autopsy findings in the three groups is shown in Table 2 . Detailed information of all drowning cases is provided in Table S1a and S1b. Pulmonary edema/congestion was common in all three groups, occurring in 61.1% (22/36) of the definite drowning group, 63.6% (7/11) of the possible drowning group, and 51.1% (47/92) of the SUDEP group without a difference between the groups (χ 2 = 1.44, P = 0.49). There was a significant difference between the three groups in relation to drowning-related autopsy findings, including fluid within sphenoid sinuses, foamy fluid in the airways, clear fluid in the stomach contents, and lung hyperinflation. The prevalence of drowning-related signs did not differ between the definite drowning group and the possible drowning group. Fluid within the sphenoid sinuses and foam in the airways were more common in the definite or possible drowning groups compared to the SUDEP group. However, clear fluid in the stomach contents was not more common in the definite (2/36) and possible drowning groups (1/11) compared to the SUDEP group (0/92; P = 0.08 and P = 0.11, respectively). Drowning-related findings were absent in 41.7% (15/36) of the definite drowning group, 54.5% (6/ 11) of the possible drowning group, and 95.7% (88/92) of the SUDEP group (P < 0.001). The pulmonary findings were unremarkable in 25% (9/36) of the definite drowning group, 27.3% (3/11) of the possible drowning group, and 48.9% (45/92) of the SUDEP group (P = 0.03).
Although the presence of ethanol was a relatively common toxicology finding in the definite drowning group (n = 6/36, 16.7%), it was a contributing cause of death in one case where a toxic level was found. The presence of ethanol (n = 3), cannabinoids (n = 2), and opioid drug derivatives (n = 4) was detected in toxicology reports in the SUDEP group; however, medical examiners did not feel these findings contributed to death in these cases, as levels were often low and many of these subjects were chronic users of these substances.
| DISCUSSION
In this large, multisite case series of lethal drownings among PWE who underwent postmortem examination, we found that most deaths occurred in the bathtub. No autopsy findings reliably distinguished drowning deaths from SUDEP. Findings associated with possible drowning such as fluid in the sphenoid sinus, lung hyperinflation, foamy fluid in the airways, or water in the stomach occurred in only 58.3% of definite drownings and 45.5% of possible drownings in epilepsy patients. Therefore, the absence of these findings when the evidence of drowning is unclear (eg, decedent was found in supine position, partially submerged in the water, or in an empty bathtub) does not exclude drowning. Lung weights were significantly higher among definite drowning than SUDEP cases, but the large overlap in their distribution does not allow lung weight to support a diagnosis in individual cases. Among the cases we classified as possible drowning, some may have died from SUDEP despite having been classified as a drowning death by the medical examiner.
Prior studies on drowning risk factors and postmortem findings are limited. Prolonged duration of epilepsy and 
F I G U R E 1
The location of fatal drownings due to seizure in people with epilepsy from three medical examiner's offices. Open water includes rivers, oceans, and creeks. Most of the drownings occurred in a bathtub/hot tub living in a waterside area were risk factors for drowningrelated deaths among PWE in rural China. 24 In a long-term follow-up of people with convulsive epilepsy in rural China, 85% of drowning deaths were unwitnessed, most were in males aged 16-45 years, and all occurred in an outdoor setting such as a pond or paddy field. 25 In a retrospective 10-year sudden bathtub death study in Japan, where hot tub bathing is common, there was no evident aspiration of drowning water in one-quarter of decedents.
There was a history of epilepsy in 4% of autopsied cases younger than 50 years, with mean age of 32.1 years.
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Our study is the first that examines whether pathological findings can distinguish between two of the most common causes of epilepsy-related deaths, SUDEP and drowning. Diversity of the selected regions and long time interval provide more reliable and generalizable results. However, the small number in the possible drowning group is a limitation and it decreases the sensitivity of our results. Although all our cases underwent postmortem examination, some cases with unremarkable gross pulmonary findings had no microscopic examination. As most drownings in PWE occurred in the bathtub, other postmortem tests to identify drowning victims in lakes and rivers (eg, diatom test) 13, 14 are not useful.
Our results suggest that it is often difficult to distinguish drowning deaths in SUDEP based on postmortem findings. Studies have shown that the incidence of SUDEP is probably underestimated because of the underrecognition by medical examiners, coroners, and physicians and because of misclassification of the cause of death. [27] [28] [29] There are many reasons for this underestimate, but some may include attributing death to another cause based on minor autopsy findings (eg, mild atherosclerosis and coronary artery disease), toxicology results (eg, positive screen for opiates in a decedent with chronic opioid use and drug overdose), and death scene findings (eg, death in an empty bathtub and drowning). As both drowning and SUDEP are pathological diagnoses of exclusion, it is understandable that a death could be erroneously attributed to drowning based on limited circumstantial evidence. SUDEP should also be considered as cause of death occurring near water when the circumstances of death are not entirely consistent with drowning, particularly in those cases that lack drowningrelated findings including watery fluid within sphenoid sinuses, foam in the airways, clear fluid in the stomach contents, and lung hyperinflation. Accurately assessing SUDEP incidence is essential to define its public health burden and to define the spectrum of cases, risk factors, and potential preventive strategies. Furthermore, the only way to assess public health interventions to prevent SUDEP will be through comparison of incidence before and after the intervention. 30 Altered ictal and postictal consciousness increases drowning risk in PWE. Like SUDEP, interventions to reduce seizure frequency and severity such as additional medications, surgery, improved adherence, and limiting lifestyle factors that reduce seizure threshold could also reduce deaths due to drowning. However, because most of the definite drowning deaths in our series occurred in the bathtub, it is likely that these deaths could have been prevented with simple safety measures such as bathing supervision, use of showers, ensuring functional drains, and shower safety bars and seats. Bathing safety should be discussed with patients and caregivers at the time of epilepsy diagnosis and reemphasized at follow-up visits.
